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In our plan for the sys temat ic  investigation of reac t ions  between 1,3-dioxocyclanes and organomag-  
nesium compounds [1-7], we assigned fundamental importance to the question of s t ruc tura l  orientat ion in 
cleavage of the nonsymmetr ica l ly  substituted 1,3-dioxolane r ing,  for this question is c losely linked to the 
explanation of the reac t ion  mechanism.  During in teract ion of 4-a lkyl-  and 2 ,4-dia lkyl - l ,3-dioxolanes  with 
the Gr ignard  reagent ,  we would expect  the format ion of two s t ruc tura l ly  i somer i c  hydroxy e thers  differing 
only by the posit ion of the hydroxyl  group at the f i r s t  or the second carbon atom. 
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However,  gas- l iquid chromatographic  analysis  (GLCH) of the reac t ion  products  of dioxolanes (I)-(]II) 
with ethylmagnesium bromide revea led  the close to exclusive p resence  of one of the e thers  only, and the 
amount of the second i somer  was no more  than 4.2% of that of the f i r s t  (Fig. 1, 2b, and 3b). A f i r s t  choice 
between the two possible i somer i c  s t ruc tu re s  of (IV)-(VI) and (VII) would be possible on the basis  of G LCH, 
since under chromatographic  conditions of the reac t ion  mixture  secondary  alcohols and branched e thers  
have a shor te r  life than the corresponding normal ly  s t ruc tured  i somers ;  we deduced f rom the chromato-  
g ram (Fig. 1, 2b, and 3b) that 2 -oxy - l -me thy l e thy l  e thers  (IV)-(VI) are  mainly formed during the react ion,  
and these e thers  contain the p r i m a r y  hydroxyl  group.  A smal l  peak found in all th ree  chromatograms p r e -  
ceding the main peak was assigned to i somer i c  2-hydroxypropyl  e the rs  (VII) having a secondary  hydroxyl.  
This conclusion was confirmed af ter  careful  analysis  of IR spec t ra  (Fig. 4) of the purified hydroxy e thers  
(IV)-(VI) and the chlorides (VIII) and (IX) obtained by substituting the hydroxyl  group in the compounds under 
study by chlorine supplied as thionyl chloride.  

SOC12 
(V), (VI) - -  R~C~Hs)CH--O--CH(CHa)CI-I2CI 

pyridine (VIII), ~IX) 
tl=CH~ (VIII); Cull7 (IX) 

For a compar ison of IR spec t ra  of hydroxyl  e thers  known to contain the corresponding p r i m a r y  and 
secondary  hydroxyl  group and the fi ,fi-dichlorodiethyl e ther  (chlorex) (XII), used as standard for the re l iab le  
determinat ion of f requencies  in chloride spec t ra  (VIII) and (IX), we synthesized the standard hydroxyl  e thers  
C2HsCH(CHa)OCI-I2CH2OH (X) and (C2I.Is)2C(CI,I-I3)OCH(CH3)CH(CH3)OI'I (XI) by react ing 2-methyl  and 2 ,4 ,5- t r i -  
methyl -2-e thyI-1 ,3-d ioxolanes  with ethylmagnesium bromide  (yields 84.6 and 82.3% respect ive ly) .  The IR 
spec t ra  of the e thers  under study and of the s tandards (X) and (XI) (we used 0.01 M solutions in CCI 4) 
showed narrow intensive bands in the 3600 era -1 range,  at 3591 (IV), 3589 (V), 3598 (X) and 3578 cm -t  (XI) 
(see Fig. 4) cha rac te r i s t i c  for  valence vibrat ions of the hydroxyl  part icipat ing in the formation of the in t ra -  
molecular  hydrogen bond in f i-hydroxy e thers  [8-11]. In full agreement  with l i t e ra ture  data, the band c o r r e -  
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Fig. 1. C h r o m a t o g r a m  of products  obtained by r eac t ion  of 4 - m e t h y l - l , 3 - d i o x o l a n e  with e thy lmag-  
nes ium bromide:  1) 1 - (2 ' -oxypropoxy)propane ;  2) 1 - ( l ' -me thy l - -2 ' -oxye thoxy)propane  (IV). 

Fig. 2. C h r o m a t o g r a m  of the s t a r t e r  2 ,4 -d ime thy l - l , 3 -d ioxo lane  (a) and i ts  r eac t i on  products  with 
e thy lmagnes ium bromide  (b). 1) c i s -2 ,4 -Dime thy l - l , 3 -d ioxo lane ;  2) t r a n s - 2 , 4 - d i m e t h y l - l , 3 - d i o x o -  
lane; 3) not identified; 4) 2- (2 ' -oxypropoxy)butane;  5) 2 - ( l ' - m e t h y I - 2 ' - o x y e t h o x y ) b u t a n e  (V). 

Fig. 3. C h r o m a t o g r a m s  of the s t a r t e r  2 - p r o p y l - 4 - m e t h y l - l , 3 - d i o x o l a n e  (a) and products  of its r e a c -  
t ion with e thy lmagnes ium bromide  (b). 1) c i s - 2 - P r o p y l - 4 - m e t h y l - l , 3 - d i o x o l a n e ;  2) t r a n s - 2 - p r o p y l -  
4 -me thy l - l , 3 -d ioxo l ane ;  3,4) not identified; 5) 3-(2T-oxypropoxy)hexane; 6) 3 - ( l ' m e t h y l - 2 ' - o x y e t h o x y ) -  
hexane (VI). 

sponding to the nonbonded hydroxyl  ( t r ansconformer )  appeared  as a shoulder  at 3638 (IV), 3636 (V) and 
3638 cm -I  (X), the s tandard  hydroxy  e ther  with the p r i m a r y  hydroxyl  group, and 3618 cm -1 (X-I) which is 
the s tandard  with the secondary  hydroxyl  group.  

In accordance  with l i t e ra tu re  data, absorp t ion  of the m o n o m e r  hydroxyl  in the p r i m a r y  alcohol is 
seen  at  3640 cm -1 [13] while secondary  alcohols  show a shif t  of the m a x i m u m  by about 10 cm -:t toward the 
lower f requency  range  and appear  at 3622 cm - t  (KP spec t rum [12] or at 3630 cm -1 [13] ), T e r t i a r y  alcohols  
show absorp t ion  in a s t i l l  lower f requency  range:  3615 cm -1 (KP spec t rum [12], 3620 cm -1 [13] ). A c o m -  
pa ra t ive  ana lys i s  in the 3600 cm -1 r ange  (see Fig. 4, curves  1-4) points to the p r e sence  of a f r agment  of 
p r i m a r y  alcohol  in the compounds (IV)-(VI) under study. 

The s a m e  conclusion may  be drawn f rom an ana lys i s  of the IR s p e c t r a  of e thers  (IV)-(VI) and (VIII)- 
(XI) in the C--O va lence  v ibra t ion  r ange  (1000-1200 cm-1).  P r i m a r y  and seconda ry  alcohols m a y  be d i f fe r -  
entiated according  to their  IR s p e c t r a  in the r ange  [13-15]. P r i m a r y  alcohol absorpt ion  is seen  at approx-  
imate ly  1050 cm - I ,  s econda ry  at 1100 cm-1; absorpt ion  bands a r e  inconstant  and depend on the overa l l  
mo lecu l a r  s t ruc tu re ;  thus an addit ional  a branching will lead to a f requency  dec r ea se  by about 15 cm -1. A 
compar i son  of hydroxy s p e c t r a  with those of the cor responding  chlor ides  whose absorpt ion  in this range  is 
de te rmined  only by the e ther  f r agmen t  leads to isola t ion of a band cor responding  to the hydroxyl .  For  the 
hydroxy e the r s  (IV) and (V), this appea r s  at 1051 and 1054 cm -1 (Fig. 4, curves  3 and 4), in a g r e e m e n t  with 
l i t e ra tu re  data [13, 14], and shows the p r e s en ce  of the p r i m a r y  hydroxyl .  In this range,  the s p e c t r a  of the 
e the r s  (IV) and (V) a r e  a lso  v e r y  close to the spec t rum (curve 2) of the s tandard (X) known to contain the 
p r i m a r y  hydroxyl ,  and they differ  f r o m  the s p e c t r u m  (curve 1) of s tandard  (XI) (secondary  hydroxyl)  where  
the sha rp  m a x i m u m  around 1050-1060 cm - t  is  absent .  As was to be expected,  the band observed  for e the r s  
(IV) and (V) has  shifted by about 10 cm -1 toward lower f requencies ,  compared  to the analogous band in the 
s p e c t r u m  (X) (1066 era-i);  this  is due to a branching.  

Bes ides ,  another  band is found at 745 cm -~ in the IR spec t r a  of the chlor ides  (VIII) and (IX) (curves  
5, 6) in the C--C1 va lence  v ibra t ion  range;  this band r e f e r s  to the t r a n s c o n f o r m e r  [16]. The band at 670 cm -1 
(curve 5) co r r e sponds  to the Hoesch conformat ion.  The s ame  bands a re  a lso  seen in the chlorex s p e c t r u m  
(curve 7) and in 2-chloroethylvinyl  e ther  ( spec t rum not shown), compounds known to contain the chlor ine 
a tom inthe f i r s t  carbon at theft posi t ion to the e ther  group. It is a lso  known that  v ib ra t ion  of the C--Clbond 
in the second Carbon rad iqa l  appea r s  at 615 cm -1 [17]. 

Based on our findings in the s e r i e s  under study, we may  a s s u m e  to have proven that the Gr igna rd  
r eagen t  will  spl i t  4 - a t ky l -  and 2 ,4 -d i a lky l - l , 3 -d ioxo lanes  a lmos t  exc lus ive ly  at the Ol--C 2 bond. This  con- 
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Fig. 4. IR s p e c t r a  of hydroxy-  and 
chloro e the r s .  1) (XI); 2) (X); 3) (V); 
4) (IV);* 5) (VIII); 6) (IX); 7) 2 ,2 ' - d i -  
chlorodiethyl  e the r ,  lV[icrolayer, 
s p e c t r o m e t e r  UR-10. A 0.01 M solu-  
tion in CC14 was used in the 3600 cm -1 
r ange  ( spec t r a  1-4). 

* The IR s p e c t r a  of e ther  (VI) coin-  
cide with those of e the r s  (IV) and (V). 

clusion may  be unexpected at f i r s t  sight,  s ince the reac t ion  
ce r ta in ly  s t a r t ed  with coordinat ion of the magnes ium compound 
at location of the f r ee  e lec t ron  pa i r s  of the oxygen [6, 7], and 
it would appear  that  in this case  the a tom O3, linked to two 
seconda ry  r ad i ca l s  should be an impor tan t  par t ic ipant  in co-  
ordination,  due to its higher  e lec t ron  density.  Thus we would 
expect the main spli t  at the C2--O s bond, con t r a ry  to what 
happens.  However ,  if  the t r ans i t o ry  s ta te  of the reac t ion  is 
suff icient ly complex and ordered ,  a tom 03 par t ic ipat ion  m a y  
encounter  diff icult ies of a s t e r i c  na ture .  

It  may  be seen  f r o m  the c h r o m a t o g r a m s  (see Figs.  2, 3, 
curves  a) that the s t a r t e r  2 ,4 -d imethy l - l , 3 -d ioxo lane  (H) and 
2 - p r o p y l - 4 - m e t h y l - l , 3 - d i o x o l a n e  (III) a re  mix tu res  of c i s -  and 
t r a n s - i s o m e r s  in a ra t io  of 2.01 : 1.00 and 1.45 : 1.00 r e s p e c -  
t ively.  After  the reac t ion ,  these r a t i o s  change to 1.09 : 1.00 
and 1.16 : 1.00, i .e . ,  the i s o m e r s  a r e  spl i t  at di f ferent  r a t e s  by 
the Gr ignard  reagent :  k c i s / l ~ a n s  = 1.25 for (II) and k c i s / k t r a n s  = 
1.05 for (IIT) (calculated f rom the ch roma tog rams ) .  

Peaks  1 and 2 (see Figs.  2, 3) were  re la ted  to cer ta in  
configurat ions of 2 ,4-dia lkyl  substi tuted 1,3-dioxolanes by c o m -  
par ing the boiling points known for each of the 2 ,4 -d imethy l -  
1,3-dioxolane i s o m e r s  [18], while i s o m e r  vo lumes  were  r e -  
tained under ch romatograph ic  conditions providing for f r a c -  
t ional  isolat ion of the products  according  to thei r  bp (squalane 
for the s t a t ionary  phase and ch romosorb  W as c a r r i e r ) .  Under 
these  conditions the o rder  of peak  s ize  in 1 and 2 was the s ame  
as in Figs .  2a and 3a. According to [18], the low-boiling i so -  
m e r  (II) has  the c is -conf igura t ion ,  and thus peak 1 was con- 
s idered  to r e f e r  to the c i s - i s o m e r .  

The di f ference  in r eac t ab i l i t y  to the Gr igna rd  reagen t  
between c i s -  and t r a n s - i s o m e r s  of 2 ,4 -d ia lky l - l ,3 -d ioxo lanes  
conf i rms  the assumpt ion  on the impor tan t  ro le  of the space  
fac tor  at the s tage  de te rmin ing  the reac t ion  r a t e .  The r e a s o n  
for the s t ruc tu r a l  f ea tu res  of the cleavage m a y  be sought in the 
l e s s e r  spa t ia l  penet rabi l i ty  of the C2--O 3 bond, compared  to 
O1--C2, since the f o r m e r  is sc reened  by the alkyl  subst i tuents .  
Based on expe r imen ta l  data,  we proposed e a r l i e r  [6, 7] the 
following mechan i sm for the r eac t ion  under study. 

R 

Coordination between the oxygen a toms  and MgBr 2 is unequivocally shown at the f i r s t  r eac t ion  s tage 
by the p rac t i ca l ly  quanti tat ive prec ip i ta t ion  of insoluble dioxolanates consis t ing main ly  of the complex 
,1 ,3_dioxolane--MgBr2."  Prec ip i ta t ion  obtained by the Gr igna rd  r eagen t  in 2 -me thy l - l , 3 -d ioxo l anes  was 
e a r l i e r  observed  by Blomberg  et al. [19], but this complex was not studied, and no a t tempt  was made at 
in te rpre t ing  this phenomenon. The speci f ic  s t r uc tu r a l  f ea tu res  of the reac t ion  under study and its s e l e c -  
t ivi ty  with r e s p e c t  to the spec i f ic  spa t ia l  i s o m e r s  agree  sa t i s fac to r i ly  with the above d i ag ram.  The high 
reac tab iHty  of the c i s - i s o m e r  sugges ts  that the plane of the t r a n s i t o r y  fo rmat ion  is or iented spat ia l ly  at an 
angle to that of the dioxolane r ing,  s ince in a s t r i c t ly  planar  junction of the r ings  there  would be no spa t ia l  
d i f ference  between the i s o m e r s  in the t r a n s i t o r y  s ta te .  Such explanation is far  f r o m  a r b i t r a r y  if we con- 
s ider  that the f ree  e lec t ron  pa i r s  of the oxygen a re  spat ia l ly  oriented as to fo rm close to t e t r ahed ra l  angles 
with the valence  bonds (the di rect ion of the donor -accep to r  bond in the oxygen-containing r ings  should p r o -  
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trude from the ring plane), due ~o hybridization of the oxygen electron orbitals tending toward sp a. It is 
obvious that increasing length of alkyl substituents will inversely affect the degree of steric selectivity of 
the reaction, due to the appearance of additional conformers caused by bends in the substituent chain. 

The above ratios for the rates of cis- and trans-isorners of 2,4-dimethyl- and 3-propyl-4-methyl- 
1,3-dioxolanes confirm our conclusion. 

EXPERIMENTAL 

SYnthesis and Purification of Starter l~3-Dioxolanes. The dioxolanes (1)-(III)were 
obtained by reacting 1,2-propylene glycol with the corresponding aldehydes at a ratio 1 : 1 of the reagents in 
the presence of catalytic amounts of p-toluenesulfonic acid. The (III) obtained were transferred in a benzene 
medium, using the Dean--Stark separator; (1) and (II) were directly distilled from the reaction mixture 
during the process. After drying over potash, boiling for 2 h over metallic sodium and distilling over 
sodium, the following were obtained: (1), yield 56.8%, bp 80-82~ (716 ram); nD2~ 1.3980; d42~ 0.9882; (If), 
yield 27%; bp 91~ (715 ram); nD2~ 1.3955; d42~ 0.9272; (Ill), yield 47.3%; bp 140-141~ (717 ram); nD2~ 1.4112; 
d42~ 0.9005. 

2,4-Dimethyl-l,3-dioxolane (If) was also obtained according to the following technique: J~,2-propylene 
glycol was mixed with vinylbutyl ether at a I : I ratio in the presence of phosphoric acid~ and the reaction 
mixture was distilled at atmospheric pressure. The distilled cyclic acetal was purified by rectification 
over metallic sodium. The yield of (If) was 60.070. 

Reaction of 2,4-Dimethyl-l,3-dioxolane (II) with the Grignard R e ~ .  A 
Grignard reagent was prepared from 2.4 g magnesium in i00 ml ether and added with 10.2 g of (If). After 
30 rain stirring, the ether was removed when the mixture started to assume a pasty consistency. The re- 
action mixture was heated at 80~ for 1 h, diluted with saturated aqueous NH4CI solution and after extrac- 
tion, drying, and removal of the ether analyzed by GLCH (see Fig. 2b). Fractional distillation yielded 7olg 
(53.5%) (V); bp 41-41.5~ (3 ram); nD2~ 1.4179; d42~ 0.8833. Found %: C 63.91, 64.10; H 12.21, 12.25; MR 
37.71. C7H1602o Calculated %: C 63.59; H 12.20; MR 37.90. 

From (I/I) we obtained under the same conditions a mixture whose composition (after evaporation of 
the ether) is shown on the chromatogram (see Fig. 3b). The hydroxyl ether (V-I) was isolated at a 71.670 
yield; bp 78-80.5~ (I0 ram); nD 2~ 1.4267; d42~ 0.8816. Found 7o: C 67.50, 67.61; H 12.48, 12.51; MR 46.64. 
C9H2002. Calculated %: C 67.45; H 12.58; MR 46.20. 

Interaction of 4-Methyl-l,3-dioxolane (I) with the Grignard Reagent. We 
heated 0.i M (I) with 0.2 M ethylmagnesium bromide in 30 ml toluene at I08~ for 5 h (standard processing) 
and obtained 4.1 g (37.7%) of (IV); bp 59.5-60.5~ (20 ram); nD2~ 1.4171; d42~ 0.8935. The ehromatogram is 
shown in Fig. i. 

GLCH analysis was conducted on the LKHM-5 instrument with a detector for heat conductivity. The 
column was 4.2 m long and had a 6 mm diameter. The stationary phase was diheptylsebacinate, the carrier 
NaCl with a 0.25-0.5-mm grain size; helium was the gas carrier. We assigned peaks 1 and 2 to the specific 
configurations on the basis of chromatographic data under the following conditions: column of 5 m length, 
6 rnm diameter; stationary phase, squalane; carrier, chromosorb W, 45-60 mesh size. 

Synthesis of Standard Hydroxy Ethers (X) and (XI). We obtained thehydroxyether 
(X) from 2-methyl-l,3-dioxolane and ethylmagnesium bromide (ratio of reagents 1 : 2, benzene, 80~ 3 h) 
with a 84.6% yield; bp 46-46.5~ (9 ram); nD2~ 1.4158; dt 2~ 0.8999. Found %: C 61.38, 61.48; H 11.87, 12.26; 
MR 32.94. CsI-I1402. Calculated %: C 60.98; H 11.94; MR 33.25. 

2,4-Dimethyl-2-ethyl-l,3-dioxolane, treated with the Grignard reagent under the same conditions 
gave the hydroxy ether (XI), at a 82.3% yield; bp 84-86~ (13 ram); nD2~ 1.4354; d42~ 0.8923. Found %: 
C 68.92, 69.19; H 12.68, 12.87; MR 51.00. Ct0H2202. Calculated %: C 68.91; H 12.72; MR 51.84. 

Obtention of Chloro-Ethers (VIII) and (IX). We heated 6.6g (V) and 6gSOCl 2 at 70~ 
in a pyridine medium for 3 h. The fluid was decanted, the precipitate washed with ether. After removal of 
the ether by fractional distillation under vacuum we obtained 2.0 g (75.2%) of (VIII); bp 40-41.5~ (i0 ram); 
riD2~ 1.4170; d42~ 0.9261. 

The chloro-ether (IX) was obtained at a 63.3% yield; bp 73~ (ii ram); nD 2~ 1.4290. 
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O b t e n t i o n  and  A n a l y s i s  of  t h e  C o m p l e x  F o r m e d  by  4 - M e t h y l - l , 3 - d i o x o l a n e  
(I) w i t h  t h e  G r i g n a r d  R e a g e n t .  We prepared a25-ml ether solution of ethylmagnesium bromide 
containing 0.043 g-equiv, of the organomagnesium compound and added 2.2 g of (I). The precipitate which 
formed was fil tered off at once, washed with ether and dried in the vacuum-desiccator.  We obtained 5.9 g 
of a yellowish powder which decomposed at 106-158~ The content in organomagnesium compounds was 
determined by acid titration: for 0.3241 and 0.2196 g of precipitate we used 4.8 and 3.3 ml 0.1 N HC1 r e -  
spectively which corresponds to 0.0015 g-equiv./g. Analysis of the ether fil trate showed that it contains 
0.027 g-equiv, of organomagnesium compounds. Found %: C 20.51, 20.24; H 4.91, 4.88; Mg 9.29, 9.61; 
Br 45.35, 45.38. 

The analytic data would correspond to the following composition of the complex: [1.65 (I) -MgBr~ + 
(I) .MgBr(C2Hs)]. Calculated %: C 21.6; tt 3.74; Mg 9.12; Br 49.2. The content in organomagnesium corn- 
pounds was 0.00143 g-eqUiVo/g. The precipitate also contains a certain amount of solvates of the type: 
O. MgBr 2, (C2H5)20. MgBr 2, (C2H5)20 �9 MgBr(C2Hs) and others; they may be seen from G LCH identification 
of a sulfo-ether together with 4-methyl-l ,3-dioxolane in the products derived from hydrolysis of the com- 
plex. The isolated complex may have the structure of a coordinated polymer. 

CONCLUSIONS 

1. The reaction between 4-methyl-  and 2,4-dialkyl-l ,3-dioxolanes and the Grignard reagent shows 
specific s tructural  features,  since only one of the possible hydroxyl ethers is formed. 

2. IR spectroscopy and GLCH analysis were used to determine the s tructures  of the hydroxy ethers;  
based on these findings, it was shown that the Grignard reagent splits the nonsymmetrically substituted 
dioxolanes under study at the O1--C 2 bond. 

3. The reaction is selective with respect  to the spatial isomers of 2,4-dialkyl-l,3-dioxolanes (the 
c is- isomer  reacts  faster).  

4. The reaction of 4-methyl-l ,3-dioxolane with ethylmagnesium bromide was used as an example to 
show that insoluble solvates form at the first  react ion stage; these consist mainly of a complex of cyclic 
acetal with magnesium bromide. 

5. The findings agree with a mechanism involving cyclic migration of electrons in the six-membered 
ring formed by the complex "acetal--magnesium bromide ~ and magnesium diethyl. 
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